We investigated the use of direct nuclear injection using the Piezo drill and activation by injection of stallion sperm cytosolic extract for production of cloned equine embryos. When metaphase II horse oocytes were injected with either of two dosages of sperm extract and cultured 20 h, similar activation rates (88% vs. 90%) and cleavage rates (49% vs. 46%) were obtained. The successful reconstruction rate of horse oocytes with horse somatic cell donor nuclei after direct injection using the Piezo drill was 82%. Four dosages of sperm extract (containing 59, 176, 293, or 1375 g/ml protein) and two activation times (1.5-2 vs. 8-10 h after nuclear transfer) were examined. Cleavage and activation (pseudopronucleus formation) rates of oocytes injected with sperm extract containing 59 g/ml protein were significantly (P Ͻ 0.05) lower than any other dosage. The percentage of embryos cleaving with normal nuclei in oocytes injected with the 1375 g/ml preparation 1.5-2 h after donor injection was significantly (P Ͻ 0.05) higher than that of the 293 g/ml preparation 8-10 h after donor injection (22 vs. 6%). Embryos developed to a maximum of 10 nuclei. Interspecies nuclear transfer was performed by direct injection of horse nuclei into enucleated bovine oocytes, followed by chemical activation. This resulted in 81% reconstruction (successful injection of the donor cell), 88% cleavage, and 73% cleavage with normal nuclei. These results indicate that direct nuclear injection using the Piezo drill is an efficient method for nuclear transfer in horse and cattle oocytes and that sperm extract can efficiently activate horse oocytes both parthenogenetically and after nuclear transfer assisted reproductive technology, early development, embryo, gamete biology, oocyte development
INTRODUCTION
Somatic cell nuclear transfer has been successfully performed in several species, including sheep [1] , mice [2] , cattle [3, 4] , goats [5, 6] , and pigs [7, 8] . To reconstruct recipient oocytes with somatic cell nuclei, inactivated Sendai virus, electrofusion, and intracytoplasmic direct nuclear injection have been used, with the majority of work being done by electrofusion. In cattle, the rate of reconstruction after electrofusion of host cytoplasts with somatic cells has ranged from 36% to 89% [3, [9] [10] [11] [12] [13] . These rates are lower than those achieved when cloning with embryo-derived blastomeres in the same species (86%-99%) [10, 14] . The reported percentages of reconstruction with somatic cells by electrofusion in the pig are 59%-81% [15, 16] and in sheep are 63%-85% [1, 17] . When inactivated Sendai virus is used for fusion, relatively lower fusion rates were reported (43%-69%) [18, 19] . Cytoplasmic direct injection using the Piezo drill, which was introduced by Wakayama et al. [2] , has produced a high reconstruction rate in mouse oocytes (79%-95%) [2, 20, 21] .
Little information is available on nuclear transfer in the horse. There are no reports of nuclear transfer with embryonic blastomeres in this species. Electrofusion of horse oocytes with adult somatic donor cells has been reported in brief communications, with fusion rates from 20% to 67% [22] [23] [24] . In a recent presentation, a fusion rate of up to 82% was reported in equine oocytes fused with fetal or adult fibroblasts using electrofusion in combination with Sendai virus [25] . Direct injection of nuclei into the cytoplasm of equine oocytes, using a standard micropipette, has also been reported, with 13% to 30% reprogramming (criteria undefined) after activation [26] . In these studies, activation of reconstructed oocytes was achieved by treatment with a calcium ionophore followed by incubation with cycloheximide or 6-DMAP or by treatment with a calcium ionophore in combination with ethanol. Cleavage rates after nuclear transfer of adult fibroblasts to horse oocytes were low (0%-37%) [22] [23] [24] [25] [26] .
Recently, our laboratory has reported a high rate of normal fertilization and cleavage (Ͼ70%) after intracytoplasmic sperm injection (ICSI) of horse oocytes using the Piezo drill [27] . This high rate of cleavage is in sharp contrast with disappointing cleavage rates achieved in reconstructed embryos using chemical methods of activation, as described above, or in metaphase II (MII) oocytes after chemical activation [28] . Because sperm appear to be efficient activators of horse oocytes, we examined the activation of reconstructed horse and bovine oocytes with stallion sperm that had been treated with Hoechst 33342 and exposed to UV light to inhibit sperm involvement in the reconstructed embryo (unpublished data). The nuclear decondensation rates of horse and bovine oocytes reconstructed with horse somatic cell nuclei and injected with horse sperm were 37% (13/35) and 77% (24/31), respectively. This suggested that factor(s) from sperm have the ability to stimulate activation of bovine or horse reconstructed oocytes. However, after injection, some oocytes possessed a decondensed sperm head, or two or three pronuclei. An alternative to use of an intact sperm for activation is the use of cytosolic sperm extract. Sperm extract has been used to parthenogenetically activate MII mammalian oocytes [29] [30] [31] . In one study, sperm extract was used to activate bovine oocytes after nu-clear transfer, with lower efficiency than that achieved with chemical activation [32] . There are no previous reports on the use of sperm extract for activation of horse oocytes.
We report here the results of reconstruction of horse oocytes using direct nuclear injection with a Piezo-driven pipette. Further, we produced a crude sperm cytosolic extract from stallion sperm and investigated the dose effect of this sperm extract on parthenogenetic activation of horse oocytes and on activation of horse oocytes reconstructed with horse somatic cell nuclei. Because of poor development achieved after nuclear transfer using horse oocytes, we validated the Piezo-driven direct injection technique by performing transfer of horse somatic cell nuclei into bovine host cytoplasts and monitoring their development. Bovine cytoplasts have previously been shown to develop to the 8-to 16-cell stage after electrofusion with horse somatic cell nuclei [22] .
MATERIALS AND METHODS

Oocyte Collection
Ovaries were transported from slaughterhouses to the laboratory at room temperature (3-to 4-h transport time). Adnexa were trimmed from the ovaries with scissors and the ovaries were cleaned with sterilized gauze. All visible follicles were opened with a scalpel blade and the granulosa layer of each follicle was scraped using a 0.5-cm bone curette. The contents of the curette were washed into individual Petri dishes with Hepes-buffered TCM199 with Hanks salts (H-TCM199; Gibco Life Technologies, Inc., Grand Island, NY) plus ticarcillin (0.1 mg/ml; SmithKline Beecham Pharmaceuticals, Philadelphia, PA). The contents of the Petri dishes were examined using a dissection microscope at 10-20ϫ. Oocytecumulus complexes were classified as compact, expanded, or degenerating depending on the expansion of both mural granulosa and cumulus as described previously [33, 34] . Oocytes with any sign of expansion of either the cumulus or the mural granulosa, from having individual cells visible protruding from the surface to having full expansion with copious matrix visible between cells, led to the classification of expanded (Ex). Oocytes having both compact cumulus and compact mural granulosa were classified as compact (Cp). Ex oocytes were considered to have higher potential meiotic and developmental competence than Cp oocytes [33, 34] and were used for the nuclear transfer studies. Cp oocytes were used for evaluation of parthenogenetic activation.
In Vitro Maturation
Oocytes were washed twice in maturation medium (TCM199 with Earle salts [Gibco], 5 U/ml FSH [Sioux Biochemicals, Sioux Center, IA], 10% fetal bovine serum [Gibco] , and 25 g/ml gentamycin [Gibco]). Oocytes were cultured in droplets of maturation medium at a ratio of 10 l medium per oocyte under light white mineral oil (Sigma Chemical Co., St. Louis, MO) at 38.2ЊC in 5% CO 2 in air for 24-26 h. After maturation, oocytes were denuded of cumulus by pipetting in a solution of 0.05% hyaluronidase in H-TCM199 with 5% FBS. Denuded oocytes were selected for presence of a polar body. Oocytes not having a polar body were fixed in buffered formal saline, mounted on a slide with 6.5 l of 9:1 glycerol:PBS containing 2.5 g/ml Hoechst 33258, and examined using fluorescence microscopy to determine the chromatin configuration.
Preparation of Stallion Sperm Cytosolic Extract
Stallion sperm cytosolic extracts were prepared from sperm from one stallion as described previously for the mouse [30] with modifications. Ejaculated stallion sperm were centrifuged at 900 ϫ g for 10 min to remove seminal plasma. The pellet was then suspended in Sperm-TALP (Sp-TALP) containing 6 mg/ml bovine serum albumin [35] and centrifuged at 900 ϫ g for 10 min. The resulting pellet was resuspended to a final concentration of either 5 or 20 ϫ 10 8 sperm/ml in nuclear isolation medium (NIM: 125 mM KCl, 2.6 mM NaCl, 7.8 mM Na 2 HPO 4 , 1.4 mM KH 2 PO 4 , 3.0 mM EDTA disodium salt; pH 7.45) [36] and centrifuged to remove Sp-TALP. The pellet was then resuspended to the same volume with NIM containing 1 mM dithiothreitol, 100 M leupeptin, 100 M antipain, and 100 g/ml soybean trypsin inhibitor. The suspension was subjected to four cycles of freezing (5 min per cycle in liquid N 2 ) and thawing (5 min per cycle at 15ЊC), then sperm were pelleted at 20 000 ϫ g for 50 min at 2ЊC. The resultant supernatant was carefully removed, aliquoted, and kept at Ϫ80ЊC until used. The amount of protein in the sperm extracts was analyzed by Coomassie dye binding.
Preparation of Donor Cells
Fibroblast cells were obtained from an oral mucosa biopsy specimen from a 4-yr-old mare. Pieces of tissue were minced and placed in a flask with DMEM/F-12 (Sigma) supplemented with 10% FBS and 1% antimicrobials (10 000 U/ml penicillin G, 10 mg/ml streptomycin, and 25 g/ml amphotericin B; Sigma). Cells were cultured in 5% CO 2 at 37 to 38.2ЊC until fibroblast cells became confluent and were passaged by trypsinization. For this experiment, cells at passage 3-7, grown to confluence without serum starvation, were used. Cells were trypsinized before use and held in H-TCM199 plus 2%-10% polyvinylpyrrolidone (PVP; Sigma) for nuclear transfer by direct injection.
Statistical Analysis
Differences among groups were evaluated using chi-square analysis, with Fisher exact test used when the expected value for any parameter was less than five. The numbers of embryonic nuclei at 96 h were compared among treatments by analysis of variance.
Parthenogenetic Activation of Cp Oocytes with Sperm Extract
Matured horse Cp oocytes having a first polar body were selected. Injection of sperm extract was performed using a Piezo drill (Burleigh Instruments Inc., Fishers, NY). For injection, supernatants from the 5 and 20 ϫ 10 8 sperm/ml preparations were diluted 1:1 in NIM plus 20% PVP. Oocytes were held in H-TCM199 with 10% FBS with a holding pipette (120-140-m outer diameter) under an inverted microscope equipped with Narishige manipulators. The diluted sperm extract was injected using a pipette with an inner diameter of approximately 5 m, and the injection volume (2-4 pl) was controlled by the movement of mercury within the pipette [31] . Injected oocytes were held for 20 min at room temperature in the same medium to heal the broken membrane slowly. Oocytes were transferred into G1.2 medium (G1.2/G2.2, IVF Science, Denver, CO) at a ratio of 10 l medium/oocyte and were incubated at 38.2ЊC under 5% CO 2 in air. At 20 h postinjection, oocytes were fixed, stained, and evaluated as described above. Oocytes in anaphase II-metaphase III (metaphase plate with two polar bodies) were considered to be activated but arrested in development (having incomplete activation). Oocytes having one to three pronuclei, syngamy, first mitotic figure, or cleavage with presence of nuclei in each blastomere, with one or two polar bodies, were considered fully activated.
To determine whether injection with the sperm extract was compatible with further development, we subsequently activated a small number of Cp oocytes parthenogenetically by injection of supernatant from the 20 ϫ 10 8 sperm/ml preparation, diluted 1:1 as described above, followed by incubation in TCM199 with 10% FBS containing 5 g/ml cytochalasin B (Sigma) for 3 h, and cultured the injected oocytes in G1.2 medium as described above but for 96 h.
Nuclear Transfer by Direct Injection and Activation with Sperm Extract
Matured Ex oocytes were selected for presence of a first polar body and were incubated for 10 min in TCM199 with 10% FBS containing 5 g/ml Hoechst 33342 (Sigma) and 5 g/ml cytochalasin B. Oocytes were then held under an inverted microscope as described above. The zona pellucida of the oocyte was drilled using an enucleation pipette (10-to 13-m outer diameter) attached to a Piezo drill (Prime Tech Ltd., Ibaraki, Japan), and the polar body and metaphase plate were aspirated into the enucleation pipette. After enucleation, the resulting cytoplasts were held in TCM199 plus 10% FBS. The injection of fibroblast cells into the enucleated horse oocytes was modified from the method described by Kimura and Yanagimachi [37] , using the Piezo drill. The outside diameter of the injection pipette was 8-9 m. Immediately before injection, a somatic cell held in H-TCM199 plus 2% PVP was gently aspirated in and out of the injection pipette until the cell membrane was broken. Donor cell injection was carried out in a 100-l drop of H-TCM199 containing 0.1% polyvinlyalcohol. Reconstructed oocytes were held at 38.2ЊC in TCM199 plus 10% FBS in 5% CO 2 in air before activation. Supernatants from the 5 ϫ 10 8 and 20 ϫ 10 8 sperm/ml aliquots were used to prepare sperm extract for oocyte injection. The 5 ϫ 10 8 preparation was diluted 1:9, 1:2.3, or 1:1 with NIM plus 11%-20% PVP to make solutions equivalent to 0.5, 1.5, and 2.5 ϫ 10 8 sperm/ml, all with a final concentration of 10% PVP. The 20 ϫ 10 8 preparation was diluted 1:1 with 20% PVP to make a solution equivalent to 10 ϫ 10 8 sperm/ml. For activation, reconstructed horse oocytes were subjected to intracytoplasmic injection with 2-4 pl of sperm extract solution. Oocytes were injected with sperm extract either 1.5-2 h after donor cell injection or 8-10 h after donor cell injection. The injection of sperm extract was conducted as described above for parthenogenetic activation.
Reconstructed, activated oocytes were cultured in a droplet of 10 l G1.2 medium per oocyte in 5% CO 2 in air at 38.2ЊC for 96 h without a change of medium. Development of embryos was evaluated daily using a dissection microscope at 40-60ϫ magnification on a heated stage. At 48 h postactivation, noncleaved embryos were removed, fixed, and stained to examine their activation status. After 96 h of culture, embryos were fixed and stained as described above to examine the number and status of nuclei. Only nuclei that appeared to be normal were included in the nucleus number; nuclei showing signs of degeneration (vacuolization, condensation, or fragmentation) were disregarded.
To evaluate the possibility that injection of buffer alone was capable of causing activation of reconstructed oocytes, an additional study was conducted. After 24 h in vitro maturation, Ex oocytes were selected for presence of a polar body and were reconstructed with donor cells as described above. Reconstructed oocytes were randomly assigned to be injected with NIM buffer or with sperm extract (10 ϫ 10 8 /ml) 1.5-2 h after donor cell injection. Oocytes were cultured as above for 96 h after injection.
Nuclear Transfer Using Bovine Host Cytoplasts
Bovine oocytes were purchased from Ovagenics (San Angelo, TX) and were cultured overnight in a portable incubator maintained at 39ЊC. On arrival at the laboratory, the glass tube containing the oocytes was uncapped and placed in an incubator in 5% CO 2 in air until 22 h of IVM. Oocytes were then denuded by gentle pipetting in 0.05% hyaluronidase (Sigma) in H-TCM199 plus 5% FBS. Oocytes with a first polar body were selected and used for enucleation followed by direct nuclear injection. Direct injection with equine somatic cells was performed as described above for horse oocytes, using the Piezo drill, with the exception that H-TCM199 plus 10% PVP was used for donor cell holding and H-TCM199 plus 10% FBS for intracytoplasmic direct injection of the donor cell.
Activation of reconstructed bovine oocytes was performed by treatment with 10 M calcium ionophore A23187 (Sigma) in H-TCM199 without serum for 5 min on a heated stage. Oocytes were then washed in H-TCM199 plus 20% FBS and incubated for 8-10 h in 10 g/ml cycloheximide in TCM199 plus 10% FBS. Subsequently, the oocytes/embryos were cultured for 3-5.5 days in G1.2/2.2 media and were fixed and stained to examine numbers of nuclei as described above.
RESULTS
Five hundred eighty horse ovaries were processed, and 3977 follicles were scraped, for an average of 6.9 follicles per ovary. We recovered 2092 oocytes, of which 628 were Cp, 1305 were Ex, and 159 were degenerating. Oocytes not used in this study were used in a separate project.
On analysis, the protein contents of the 5 ϫ 10 8 and 20 ϫ 10 8 sperm/ml preparations were found to be 585 and 2750 g/ml, respectively. Therefore, the protein contents of the diluted solutions used for injection (representing 0.5, 1.5, 2.5, and 10 ϫ 10 8 sperm/ml) were 59, 176, 293, and 1375 g/ml, respectively.
Parthenogenetic Activation of Cp Oocytes with Sperm Extract
Four hundred seven Cp oocytes were placed into maturation culture for parthenogenetic activation with stallion sperm extract. Of these, 107 (26%) had a first polar body after a 42-h culture. One hundred five Cp oocytes were intact after injection of sperm extract and two lysed after injection. The activation rates of oocytes treated with the 293 or 1375 g/ml dosages of sperm extract were 88% and 90%, respectively (Table 1 ); these were not significantly different. The rates of cleavage with normal nuclei were 49% and 46%, respectively; these were also not significantly different. Photomicrographs of parthenogenetically activated oocytes in first mitosis and cleavage are presented in Figure 1 , A and B.
Twenty-five additional MII Cp oocytes were parthenogenetically activated and then evaluated after the 96-h culture. Of these, 23 (92%) cleaved and 20 (80%) had normal nuclei. The average nucleus number (mean Ϯ SEM) was 5.1 Ϯ 0.7. A parthenogenetic embryo with 13 nuclei is presented in Figure 1C .
Nuclear Transfer by Direct Injection and Activation with Sperm Extract
Of 823 Ex oocytes examined after maturation for 24-26 h, 11 were broken during denuding and 812 were evaluated for presence of a polar body. Of these, 489 (60%) had a polar body and 488 were used for nuclear transfer. Of oocytes without polar bodies, 50 (6% of the cultured oocytes) were found to be in MI on fixation and staining and the remainder were degenerating.
The 488 mature Ex horse oocytes were subjected to enucleation and nuclear transfer with direct injection using the Piezo-driven pipette. Of these, 436 (89%) were successfully enucleated and 399 (82%) survived injection of the donor cell nucleus. Twelve oocytes lysed after injection of sperm extract for activation. The in vitro development of 293 reconstructed horse oocytes activated with different sperm extract concentrations is shown in Table 2 . The remaining 94 reconstructed oocytes were used on separate projects. Cleavage and activation (pronucleus-like formation) rates of oocytes injected with the 59 g/ml preparation were significantly (P Ͻ 0.05) lower than any other dosage. The percentage of embryos cleaving with normal nuclei in oocytes injected with the 1375 g/ml preparation 1.5-2 h after donor injection was significantly (P Ͻ 0.05) higher than that of the 293 g/ml preparation 8-10 h after donor injection (22% vs. 6%). Embryos developed to a maximum of 10 nuclei (Fig. 2) . There was no significant difference in average number of nuclei in embryos from the different sperm extract treatments.
Sixty-five additional reconstructed Ex oocytes were used to evaluate the effect of injection of buffer alone. Thirtythree were injected with NIM buffer and, of these, two (6%) were morphologically cleaved but without normal nuclei when examined at 96 h. Thirty-two reconstructed oocytes were activated with the 1375 g/ml sperm preparation and, of these, 19 (59%) cleaved and 4 (13%) cleaved with normal nuclei, with an average of 2.8 Ϯ 0.3 nuclei per embryo. Extract-injected oocytes had significantly higher rates of both morphological cleavage (P Ͻ 0.001) and normal cleavage (P ϭ 0.053) than did oocytes injected with buffer.
Nuclear Transfer Using Bovine Host Cytoplasts
Two hundred eleven bovine oocytes were shipped, and 25 oocytes were lost during denuding. After denuding, 159 of 186 oocytes (85%) were selected for nuclear transfer. Ninety-three percent of bovine oocytes survived enucleation using the Piezo drill. The rate of reconstruction (successful injection of the horse donor cell) was 81%. After culture for 3-5.5 days, 72/82 (88%) of reconstructed oocytes cleaved morphologically (Fig. 3A) and 60 (73%) showed normal cleavage with nuclei present within the blastomeres. Thirty-four embryos (41% of reconstructed oocytes) had more than eight nuclei when assessed after Hoechst staining. An interspecies cloned embryo with 13 nuclei is shown in Figure 3B .
DISCUSSION
In this study, Piezo-actuated microinjection resulted in a higher rate of reconstruction of horse oocytes with horse somatic cell nuclei than we have previously found using electrofusion (82% in this study vs. 20%-48% [22, 24] ). This reconstruction rate is also higher than those previously reported in the horse by other laboratories, with the exception of use of electrofusion in combination with Sendai virus [25] . The reconstruction rate when bovine oocytes were injected with horse somatic cell nuclei in this study was higher than that reported by Dominko et al. [38] for most interspecies nuclear transfers. In mouse oocytes, Piezo-driven microinjection also produced higher reconstruction rates than did electric-or virus-mediated fusion [2, [18] [19] [20] .
There have been only a few reports on methods of activation of horse oocytes either parthenogenetically [28, 39, 40] or after intracytoplasmic sperm injection [41] . In these reports, activation was attempted by exposure to chemicals, including ionomycin, ethanol, thimerosal, inositol 1,4,5-triphosphate, and calcium ionophore A23187, alone or in combination with cycloheximide or 6-DMAP. The highest rate of activation (52% pronucleus formation plus 24% first mitosis) was achieved by treatment with calcium ionophore A23187 followed by culture in cycloheximide [40] . In the present study, injection of sperm extract into MII horse Cp oocytes resulted in 88%-90% total parthenogenetic activation, including 46%-49% normal cleavage, after a 20-h culture.
When calcium ionophore A23187 and cycloheximide were used to activate reconstructed nuclear transfer (NT) horse Ex oocytes, only 29% activation and 9% cleavage were obtained [24] . In the present study, injection of sperm extract was effective in activating reconstructed NT horse Ex oocytes, as a 72% activation rate (combined nuclear decondensation and cleavage) and up to 51% cleavage rate was achieved. These activation and cleavage rates are high in comparison with those previously reported after transfer of adult somatic cell nuclei in the horse. However, the percentage of reconstructed embryos with normal nuclei after 4 days of culture was low (6%-22%) and the average nucleus number was only two to four. Ex oocytes, selected and matured in the same manner as in this study but fertilized by ICSI, develop to an average of 8.2 nuclei at 96 h [27] . The cleavage rate and development of Cp oocytes parthenogenetically activated with sperm extract indicates that sperm extract is capable of triggering normal embryonic development. There is one previous brief report on the use of sperm extract for activation of NT oocytes in other species (bovine cytoplasts reconstructed with adult fibroblast nuclei; [32] ). In that study, in vitro development of oocytes injected with sperm extract after reconstruction was lower than that of chemically activated or in vitro fertilized oocytes.
When direct nuclear injection is used, the possibility exists for incomplete breakage of the oocyte or donor cell membrane, resulting in failure of transfer. In addition, media components as well as cell membrane are injected into the oocyte cytoplasm. To determine whether use of the Piezo drill or methods associated with this technique were compromising the ability of the embryo to develop normally, we evaluated the use of the Piezo drill for transfer of equine nuclei to bovine cytoplasts. The reconstruction rate achieved in interspecies nuclear transfer using the Piezo drill (81%) was higher than that we previously achieved using electrofusion (109/159, 69% [22] ). Rates of cleavage and embryo development (Ն8 cells) of Piezo-manipulated interspecies NT embryos in this study (88% and 41%, respectively) compared favorably with those of interspecies embryos obtained using electrofusion (cultured on Vero cell or cumulus cell monolayers; 53% cleavage and 39% Ն8 cells; [22] ). It is notable that markedly better development was achieved in the interspecies transfers than in the equine-equine transfers. Similar increases in development when bovine cytoplasts rather than equine cytoplasts were reconstructed with equine somatic cell nuclei by electrofusion have been previously reported [23] . We have activated interspecies reconstructed oocytes (horse nuclei in bovine cytoplast) with stallion sperm extract and have ob-tained 97% (32/33) cleavage, including 64% (21/33) normal cleavage (normal nuclei present), and average nucleus number of 7.4 after a 96-h culture (unpublished data). These data suggest that it is the horse oocyte rather than the donor cell or the reconstruction and activation methods that is the limiting factor in the development of equine NT embryos.
The time of oocyte activation after donor cell injection is an important factor in the success of nuclear transfer. Time from reconstruction to activation in bovine NT studies has varied from essentially immediately [12] to 3-5 h [11], 4-6 h [4] , and ϳ10 h [42] . In the mouse, embryo development of oocytes activated 1-6 h after donor injection was significantly higher than that of simultaneously activated oocytes [2] . These authors reported that chromosome condensation of donor nuclei occurred within 1 h of injection. The high MPF level within the recipient cytoplast is thought to trigger nuclear membrane breakdown and condensation of the chromatin into individual chromosomes. It is felt that exposure to the oocyte cytoplasm is important in reprogramming of the chromatin. The exposure time needed may be short, however. In a recent report, Wakayama and Yanagimachi [43] found that immediate activation of oocytes after reconstruction was compatible with embryo development and birth of live young if activated oocytes were not treated with cytochalasin B. In contrast, activation of oocytes before donor cell injection resulted in nuclear degeneration. No information was previously available on the effect of time from reconstruction to activation in horse nuclear transfer oocytes. In the present study, there was no difference in embryo development in oocytes activated 1.5-2 h vs. 8-10 h after reconstruction when the same dosage of sperm extract was used.
In conclusion, injection of stallion sperm cytosolic extract parthenogenetically activated MII horse oocytes with high efficiency and resulted in normal cleavage. Injection of stallion sperm extract also activated reconstructed horse oocytes in a dose-dependent fashion, but rates of normal cleavage were low. Piezo-actuated microinjection allowed high reconstruction rates in both horse and cattle oocytes, and good cleavage rates and embryonic development were obtained in interspecies cloned embryos. Further research on factors influencing the in vitro development of equine nuclear transfer embryos is needed to improve the efficiency of this procedure in the horse.
